Calcifying fibrous pseudotumor (CFP) is an uncommon benign fibrous lesion originally described as a collection of dense hyalinized collagenous tissue interspersed with benign-appearing spindle cells, psammomatous or dystrophic calcifications, and a variable, but usually lymphoplasmacytic inflammatory infiltrate (1) . These lesions were reported initially as "childhood fibrous pseudotumor with psammoma bodies" (2) . The term calcifying fibrous pseudotumor was coined by Fetsch et al. in 1993 (1) , who reported this lesion in 10 patients ranging in age from 1 to 33 years. Recently, it has been postulated that CFP may represent a sclerosing end stage of inflammatory myofibroblastic tumor (IMT; 3). IMTs, also referred to by some authors as inflammatory pseudotumors, are tumorlike masses whose nature has been controversial. They have been thought to be either inflammatory or neoplastic. Recent cytogenetic study in IMT (4) favors the latter hypothesis, whereas the chromosomal characteristics of CFP have not been examined. We studied seven CFPs and seven IMTs and compared their histological, electron-microscopic, and immunohistochemical profiles in an attempt to better characterize their respective diagnostic features.
MATERIALS AND METHODS
Seven cases diagnosed as IMT and seven cases from six patients diagnosed with CFP were identified from the files of Children's Memorial Hospital and from the files of the Armed Forces Institute of Pathology. Material consisting of hematoxylin and eosin-stained sections on all cases were reviewed by two of us (PC and KH). Formalin-fixed, paraffinembedded tissue was available on all cases. Primary antibodies were directed against vimentin (DAKO; Glostrup, Denmark), desmin (DAKO), Factor XIIIa (Calbiochem-Novabiochem; San Diego, CA), CD34/Qbend (Biogenex; San Ramon, CA), cytokeratin AE1/AE3 (DAKO), c-kit/CD77 (Oncogene Science, Inc., Uniondale, NY), CD68 (DAKO), EBV-LMP1 (DAKO), smooth muscle actin -clone 1A4 (DAKO), and muscle-specific actin HHF35 (ENZO Diagnostics, Farmingdale, NY). Clinical information was obtained from the medical records of the patients. Material was fixed in 2% glutaraldehyde, postfixed in 2% osmium tetroxide, and processed for electron microscopic study using conventional techniques.
Microvascular density (MVD) was determined by counting all CD34 positive vessels in 10 random high-power fields in a blinded fashion as previously reported (5) .
RESULTS

Clinical Information
Of the seven IMT cases, there were three female patients and three male patients. Six were primary lesions. One additional case was a recurrent lesion (Case 6). The age at presentation ranged from 3 months to 16 years. The mean age at the time of surgery was 8.0 years. The lesions were located in the heart (Cases 1 and 2), orbit (Case 3), pancreas (Case 4), multifocal thoracic lesions (mediastinum, diaphragm, pericardium, and lung, Cases 5 and 6), and chest wall (Case 7). All cases were treated with surgical resection. One patient died because of surgical complications (heart lesion, Case 2), and another patient was lost to follow up (chest wall lesion). See Table 1 .
The CFP patients consisted of five male patients and one female patient, the latter with two separate lesions (Case 8 and 9). The patients ranged in age from 5 weeks to 13 years. The mean age at time of surgery was 2.9 years. The lesions were located in the superficial soft tissue of the neck (Cases 8, 9, and 10), subscapular region (Case 11), upper arm (Case 12), lower back (Case 13), and anterior thigh (Case 14). All cases presented as masses palpable on physical examination and were treated with surgical resection. No recurrences were noted except for the female with the submandibular lesion (Case 2) which recurred 4 months after incomplete removal. The histology of the recurrence was similar to that of the primary lesion. The patient is currently alive and well and has no complications.
Pathology
Gross Findings
The CFPs measured 0.5 to 3.5 cm in largest diameter and were well circumscribed, tan gray, and solid, some with myxoid changes, and a rubbery consistency. Some cases were received with an ellipse of skin, suggesting a superficial location, whereas others were deep to the subcutaneous tis- 
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sue without skin attachment. The IMTs were all deep masses, involving organs or soft tissues, ranging in size from 0.2 to 10.0 cm. The lesions were described as solid, irregular, grayish or tan-pink, firm tissue.
Microscopic Findings
Microscopic examination of the CFPs showed muscle and adipose tissue infiltrated by spindle cells arranged in an irregular fascicular pattern. The lesions entrapped muscle as well as nerve bundles (Fig. 1A) . Dense hyalinized collagen was noted with an inflammatory infiltrate (Fig. 1B) consisting predominantly of lymphocytes and plasma cells. Eosinophils, neutrophils, and mast cells were present in variable numbers. Calcifications were dystrophic, ossifying, or psammomatous (Fig. 1C) . No necrosis, atypia, or mitoses were noted.
Microscopic examination results of the IMTs were quite variable. There were compact dense fibrous tissues with lymphoid aggregates (Fig. 1D ) with occasionally germinal centers. Plasma cells, some with Russell bodies and eosinophils, were also present. Some cases, particularly those of the thoracic and chest lesions (Cases 12, 13, and 14) were more cellular (Fig. 1E ) and contained mitoses. No calcifications were noted.
Immunohistochemically, the spindle cells of the CFP showed diffuse cytoplasmic staining with antibodies against Factor XIIIa (Fig. 1F) , CD68, and vimentin. Smooth muscle actin, muscle-specific actin, desmin and cytokeratin were negative in all cases of CFP. CD34 antibody stained the endothelial cells and focal localized fibroblasts, especially in areas where the lesion infiltrated normal structures. Whether these represented small capillaries with collapsed lumen is uncertain. Numerous CD77-positive mast cells were noted.
The IMTs stained positively for muscle-specific actin (Fig. 1G) , smooth muscle actin, and desmin ( Fig. 1H ) (except the two heart lesions, which had limited paraffin embedded tissue), as well as vimentin. CD34 staining is variable. Many proliferated myofibroblasts were stained in some cases, whereas others showed vessel staining only. As well, there were few c-kit-positive mast cells, adjacent to lymphoid follicles. Factor XIIIa was focally positive (Ͻ10% of surface area examined) in all cases, except the thoracic and chest wall lesions, in which staining was somewhat more extensive (Ͻ25%). CD68 was diffusely positive and showed numerous infiltrating macrophages in some cases as well. EBV-LMP1 was not detectable in either CFPs or IMTs.
By electron microscopy, the spindle cells of CFP were consistent with immature fibroblasts. The presence of free ribosomes in helicoidal configuration was in keeping with the immaturity of these cells. There were also abundant collagen fibrils in the extracellular space, in close apposition to the fibroblasts. The latter showed irregularly arranged intermediate filaments, probably vimentin, in the cytoplasm (Fig. 2A) .
The IMTs contained abundant capillaries with prominent endothelial cells, well-differentiated, spindle-shaped fibroblasts; plump mesenchymal cells consistent with "activated" fibroblasts; macrophages; and numerous plasma cells. Filamentous bundles, attachment densities, pinocytotic vesicles, and basal laminae were noted, consistent with myofibroblasts (Fig. 2B) . The plump activated stromal cells showed highly developed organelles, abundant Golgi vesicles, rich endoplasmic reticulum, and lysosomes. These cells were identified as fibroblastic in view of their close and constant relationship with collagen bundles and other components of the intercellular matrix. A few mesenchymal cells showed an occasional stereocilium.
Microvascular density determined by counting CD34-positive cells showed a high vascular count in cases of CFPs, ranging from 95 to 139 per 5 hpf in CFPs. In contrast, a wider range and more variability of microvascular density was noted in IMTs.
DISCUSSION
This article reported distinct histological and immunohistochemical features of CFP and IMT. Both IMT and CFP were initially considered to be lesions of young children. However, Fetsch et al. (1) described the occurrence of CFP in patients between 1 and 33 years of age (mean age, 16.2 years), with a slight predilection for females. Our Cases 8 and 9 were previously reported (6). Both lesions occurred in a 5-week-old female, suggesting a possible prenatal inception. In general, IMT patients were slightly younger (mean age, 9.7 years), and the lesion affected males and females equally (7) . CFP usually presents as a mass in an otherwise healthy patient and is rarely multifocal (1), whereas IMT patients may have other symptoms or signs such as fever, pain, weight loss, malaise, anemia, thrombocytosis, increased sedimentation rate, and hypergammaglobulinemia (7). CFP has been described in the soft tissues of the trunk, limbs, peritoneum, epididymis, neck, pleura, chest wall, and mediastinum (1, 3, 8 -14) as well as within a lesion of Castleman disease (15) . IMT was originally described in the lung (16) as "plasma cell granuloma." Many other locations have been documented since (7).
CFP is described as a dense collection of hyalinized fibrosclerotic tissue with an inflammatory infiltrate chiefly composed of lymphocytes, plasma cells, and to a lesser extent, eosinophils, neutrophils, and mast cells (1) . These masses may entrap muscle and nerves and contain psammomatous and/or dystrophic calcifications in varying amounts (1) . Distinction from IMT may be difficult because spindle cells, an inflammatory infiltrate, and sometimes calcifications characterize both CFP and IMT. Indeed, Coffin et al. (7, 17) has commented that IMT represents but one form in a morphologic spectrum that includes several inflammatory or reactive tumorlike lesions. Although IMT has been shown to display vascular invasion (7) as well as clonal chromosomal abnormalities in some cases (4), the prognostic significance of these findings remains unknown. Cellular atypia, cells similar to ganglion cells, p53 expression, and DNA aneuploidy were suggestive of lesions with potential for malignant transformation (18) .
Coffin et al. (7) documented the histologic transformation of IMT associated with local recurrence. In contrast, CFP has thus far shown an excellent prognosis, with recurrences being rare and showing the same morphology as the primary lesion. The spindle cells of IMT react intensely against antibodies for muscle-specific actin and desmin, which points to the myofibroblastic nature of the cells. Except in our Cases 1 and 2, this reactivity was confirmed for IMT, whereas none of the CFPs stained with muscle-specific actin, smooth muscle actin, or desmin. A feature not previously described is the focal staining of IMT with Factor XIIIa compared with the diffuse staining of the CFP cases. Factor XIII is a tetrameric protein consisting of two pairs of subunits (two a and two b) with the enzyme activity present in subunit a. Factor XIIIa, a protransglutaminase synthesized by the liver, is involved in the final part of the coagulation pathway via stabilization of clot formation by cross-linking fibronectin to collagen (19) . Fixed connective tissue cells, macrophages, histiocytes, and fibroblasts all contain Factor XIIIa, as demonstrated by immunohistochemistry. Cerio et al. (20) hypothesized that these cells are the cells of origin for fibroblastic and phagocytic cells, and that as the cells mature, immunostaining by Factor XIIIa is reduced. In keeping with this contention, CD68 is also positive in CFPs (variable in IMTs), with similar diffuse and granular cytoplasmic staining as that of Factor XIIIa.
Electron microscopy showed features of immature fibroblastic cells in CFP similar to that reported by Maeda et al. (14) , whereas the IMT ultrastructure contained primarily myofibroblastic cells and "activated" fibroblasts. The strong reactivity of CFP with Factor XIIIa suggests that this tumor may belong in the group of lesions that show reactivity to Factor XIIIa and are considered "fibrohistiocytic" in origin, including dermatofibroma, Kaposi's sarcoma, fibrous histiocytoma, and fibrous papules (21, 22) .
Although several authors have alluded to the potential relationship between the Epstein-Barr virus and inflammatory pseudotumor (23, 24), we have not been able to detect by immunohistochemical studies any association in either CFPs or IMTs (although we tested only two IMT cases). Mutations of the c-kit gene have been reported in GIST (gastrointestinal stromal tumors), and currently, the expression of the kit ligand (also known as stem cell factor [SCF], Steel factor [SI], or mast cell growth factor) is the most specific marker to delineate GIST from true smooth muscle tumors (25, 26) . In this study, c-kit expression is not seen in the stromal component but rather is confined to the numerous mast cells in both lesions, although they are more abundant in CFPs. The exact contribution of mast cells in these lesions is largely unknown. However, there is increasing evidence that mast cells are noted in diseases with neovascularization such as wound repair, hemangioma, and vascular malformations, including some tumors (27, 28) . It seems likely that mast cells, by secreting cytokines or growth factors, contribute to the proliferation of fibroblasts and vessels in these lesions (29) . In support of this theory, our findings of increased mast cells in CFPs appear to correlate well with increased microvascular density. Our negative CD34 staining in CFPs is at variance with other results of CD34-positive tumors (30, 31) , whereas we support many with similar results (12, 15, 32) . These discrepant results prompted us to reexamine a case of calcifying pseudotumor occurring in the peritoneum, which was found incidentally in a 56-year-old woman with colon cancer (not included in this communication), also CD34 positive. In review, the CD34-positive cases in the literature (30, 31) were all from the peritoneum or retroperitoneum, whereas others, as well as our own, were from soft tissue or mediastinum (32) .
In conclusion, we believe that the CFPs have distinct features from IMTs and may arise from a pathogenesis distinct from that of EBV-positive inflammatory myofibroblastic tumors. Although some CFPs may have similar features with IMTs, it is important to separate those cases in children, especially those arising from the soft tissue from those occurring secondarily in the retroperitoneum. In the later, the tumor of origin is most likely from the submesothelial fibroblasts. It is interesting that anaplastic lymphoma kinase oncogenes have been found recently in inflammatory myofibroblastic tumor (33) . Unlike IMTs, CFPs in deep soft tissue locations have been reported negative for anaplastic lymphoma kinase (34) , suggesting that CFP is a different clinicopathologic entity than IMT.
